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EXECUTIVE SUMMARY

In this study, 20 compounds including munition wastewater chemicals,

photolyzed wastewaters, and chlorine test kit reagents were evaluated

for mutagenic activity at aqueous solubility levels before and after

application of ozone or chlorine disinfection techniques.

Before the application of disinfection techniques, 1,3,5-trinitro-

benzene, pH7-50% photolyzed LAP (Load, Assemble, and Pack plant waste-

water), pH7-100% photolyzed LAP, pH9-100% photolyzed LAP, 2,4,6-trinitro-

benzonitrile, 2,4,6-trinitrobenzaldehyde, N,N-diethyl-P-phenylenediamine

oxalate, and N,N-dimethyl-p-phenylenediamine sulfate were found to have

mutagenic activity at their aqueous solubility concentrations. 1,3-Di-

nitrobenzene, 2,6-dinitrotoluene, 2,4-dinitrotoluene, 3,5-dinitrotoluene,

trinitroglycerine, 2,4,6-trinitrotoluene, RDX, condensate water from

TNT manufacture, syringaldazine, 2,4,6-trinitroresorcinol, PETN, and

HMX did not show mutagenicity before chlorination or ozonation.

Under the chlorination conditions used, only five compounds (2,4,6-

trinitroresorcinol, N,N-diethyl-p-phenylenediamine oxalate, N,N-dimethl-2-

phenylenediamine sulfate, syringaldazine, and 2,4,6-trinitrobenzaldehyde)

underwent significant reaction. 2,4,6-Trinitroresorcinol and syringalda-

zine remained nonmutagenic after chlorination. The mutagenic activity of

N,N-diethyl-p-phenylenediamine oxalate, N,N-dimethyl-P-phenylenediamine

sulfate, and 2,4,6-trintrobenzaldehyde increased slightly after chlorina-

tion.

Under the ozonation conditions, seven compounds (1,3,5-trinitro-

benzene, 2,4,6-trinitrotoluene, 2,6-dinitrotoluene, 1,3-dinitrobenzene,

2,4,6-trinitrobenzaldehyde, 2,4,6-trinitroresorcinol, and 7-50 LAP)

underwent significant reaction. Of these, only 2,4,6-trinitrobenzene,

7-50 LAP, and 2,4,6-trinitrobenzaldehyde were mutagenic before ozonation.

2,4,6-Trinitrobenzaldehyde was the only compound that appeared to have

J a slight increase in mutagenic activity as the result of ozonation.

6
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We did not observe any cases in which nonmutagenic compounds were

converted into mutagens by either of the disinfection treatments. How-

ever, the concentrations tested were very low (upper limit was water

solubility) and the possibility of false negative results should be

considered.

None of the chemicals tested was mutagenic in assays with

S. cerevisiae D3 under the assay conditions used in these experiments.

It is possible that these compounds gave a negative response because

they are not strongly mutagenic in this procedure, particularly in view

of the relatively low concentrations of test compounds. Alternatively,

these compounds may not be mutagens in S. cerevisiae D3 mitotic recombina-

tion assay. We conclude that this indicator microorganism is not useful

in evaluating the mutagenicity of these compounds.
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INTRODUCTION

The use of chlorine in water purification as a disinfectant and

oxidant has come under critical review in light of the findings of low

levels of chlorinated organics in drinking water.' These newly formed

organics may be detrimental to both man and the environment and should

be investigated relative to their biological activity and potential

health hazard.

The potential for formation of hazardous products is not unique to

chlorine treatment of water since the potential exists with any treat-

ment in which chemical transformation of organics is likely to occur.

Therefore, purification methods in which ozone, chlorine dioxide, and

halogens are used are subject to the same problems that are encountered

with the use of chlorine as a disinfectant.

In this study, we evaluated the effects of ozonation or chlorina-

tion of 13 military-unique wastewater chemicals, 4 wastewater mixtures,

and 3 reagents for chlorine test kits. The military chemicals tested

were 1,3,5-trinitrobenzene. 1,3-dinitrobenzene, trinitroglycerine,

2,4,6-trinitrobenzaldehyde, pentaerythritol tetranitrate (PETN), 2,4,6-

trinitrobenzonitrile, 1,3,5-trinitrohexahydro-l,3,5-triazine (RDX). 1,3,5,7-

tetranitrooctahydro-l,3,5,7-tetrazocine (HMX), 2,6-dinitrotluene, 2,4-

dinitrotoluene, 3,5-dinitrotoluene, 2,4,6-trinitrotoluene (TNT), and 2,4,6-

trinitrorescorcinol.

The wastewater tested was load, assemble, and pack (LAP) wastewater

obtained from Jolliet Army Ammunition Plant (JAAP). This wastewater was ad-

justed to pH 7 and photolytically degraded (through Pyrex filters) in a lab-

oratory reactor (Figure 1) to reduce the TNT concentration to 50% (7-50 LAP)

and 100% (7-100 LAP) of the initial value. Another sample was adjusted to

pH 9, and the TNT was 100% photolytically decomposed (9-100 LAP). Condensate

water, which arises from the evaporative treatment of Sellite process waters

at TNT production facilities, was obtained from JAAP and tested directly.

10
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The chlorine test reagent chemicals tested were N,N-dietl.yl-k-phenylene-

diamine oxalate (DPO) and syringaldazine. N,N-Dimethyl-Z-phenylenediamine

sulfate (DPS) was also supplied. It differs from DPO in counter-ion and

has N-methyl groups instead of N-ethyl groups, but it is not used in chlorine

test kits; it was tested for comparative results. DPO is the same chemical

as DPD (diethylphenylenediamine), DPD being the more common abbreviation

for this reagent, which is used for chlorine determinations. Syringalda-

zine is being considered as a substitute for DPD 2 in chlorine determinations.

One possible way of evaluating the safety of a particular water

purification technique is through the use of rapid microbial bioassays,

which serve as a prescreening method for assessing the mutagenic

activity of organics resulting from the purification technique. The

biological assays used to determine whether ozonation or chlorination

produced biologically active (i.e., mutagenic) products were the Ames

Salmonella/microsome assay (reversion to histidine independence in five

strains of Salmonella typhimurium) and mitotic recombination in the

yeast Saccharomyces cerevisiae D3. A rat-liver postmitochondrial

supernatant fraction was incorporated into the assay procedure to

provide mammalian metabolic pathways.

The objective of this project was to evaluate the mutagenic

activity of compounds produced by the reaction of chlorine or ozone

with selected military-unique compounds. This effort is to assess

potential health hazards resulting from discharges of pollutants into

surface waters where ozone or chlorine may be used for water treatment

before distribution from a water municipality.

To achieve this objective, the test chemicals were screened for

mutagenic activity before ozone or chlorine treatment in water and

then were evaluated for their reactivity with each reagent. The

treated test chemical solutions were evaluated for enhanced mutagenicity

relative to untreated test chemical solutions. Products formed were

chemically evaluated to identify the products that might be responsible

3 for increased mutagenic activity.

12
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Preliminary results of this research were presented to the Society

of Toxicology at its annual meeting in March, 1977. The abstract of

this presentation is presented in Appendix C.
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METHODS

Chlorination

Solutions of hypochlorous acid (HOCI) were prepared by acidifica-

tion of calcium hypochlorite (Fisher Chemical Co.) with hydrochloric

acid in deionized water and buffered to pH 7 with commercial phosphate

buffer (Micro Essential Laboratory). Initial stock chlorine concentra-

tions were determined by standard iodometric titration.3 Final

chlorine concentrations after reaction with the test chemical were

adjusted to 0.1 to 0.2 mg/l with sodium thiosulfate and determined by

the syringaldazine method" before mutagenic screening.

Chlorinations were performed in Pyrex Erlenmeyer flasks that had

been stoppered and covered with aluminum foil. Each solution was

stirred with the aid of a Teflon-coated magnetic stir-bar throughout

the contact time, which ranged from 30 minutes to more than 48

hour.

Ozonation

Ozonations were performed in an all-Pyrex glass reactor, pictured

in Figure 2, equipped with an overhead stainless-steel stirrer. Ozone,

generated from a Welsback Model T-408 ozone generator, was bubbled

through the reactor so that 4 mg/l of ozone was introduced into the

system. Aqueous solutions of the test compound in deionized water

were buffered with phosphate at pH 7, and ozone contract times of 10

minutes were used. Ozone concentrations were monitored by standard

iodometric titrations. 3

14
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Microbiological Mutagenicity Assays

Salmonella typhimurium Strains TA1535, TA1537, TA1538,
TA98, and TAI00

The Salmonella typhimurium strains used at SRI are all histidine

auxotrophs by virtue of mutations in the histidine operon. When these

histidine-dependent cells are grown on a minimal media petri plate

containing a trace of histidine, only those cells that revert to

histidine independence (his+) are able to form colonies. The small

amount of histidine allows all the plated bacteria to undergo a few

divisions; in many cases, this growth is essential for mutagenesis to

occur. The his+ revertants are easily scored as colonies against the

slight background growth. The spontaneous mutation frequency of each

strain is relatively constant, but when a mutagen is added to the agar

the mutation frequency is increased 2- to 100-fold.

We obtained our S. typhimurium strains from Dr. Bruce Ames of the

University of California at Berkeley.-' In addition to having muta-

tions in the histidine operon, all the indicator strains have a muta-

tion (rfa-) that leads to a defective lipopolysaccharide coat; they

also have a deletion that covers genes involved in the synthesis of

vitamin biotin (bio) and in the repair of ultraviolet (uv)-induced

DNA damage (uvrB-). The rfa- mutation makes the strains more permeable

to many large aromatic molecules, thereby increasing the mutagenic

effect of these molecules. The uvrB mutation decreases repair of some

types of chemically or physically damaged DNA and thereby enhances

the strains' sensitivity to some mutagenic agents. Strain TA1535 is

reverted to his+ by many mutagens that cause base-pair substitutions.

TA100 is derived from TA1535 by the introduction of the resistance

transfer factor plasmid pKMI01. This plasmid is believed to cause an

increase in error-prone DNA repair that leads to many more mutations

16
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for a given dose of most mutagens.9 In addition, plasmid pKMl01 confers

resistance to the antibiotic ampicillin, which is a convenient marker

to detect the presence of the plasmid in the cells. We have shown that

TA100 can detect mutagens, such as benzyl chloride and 2-(2-furyl)-

3-(5-nitro-2-furyl)acrylamide (AF2), that are not detected by strain

TA1535. The presence of this plasmid also makes strain TA100 sensitive

to some frameshift mutagens (e.g., ICR-191, benzo(a)pyrene, aflatoxin

B1 , and 7,12-dimethylbenz(a)anthracene). Strains TA1537 and TA1538

are reverted by many frameshift mutagens. TA1537 is more sensitive than

TA1538 to mutation by some acridines and benzanthracenes, but the

difference is quantitative rather than qualitative. Strain TA98 is

derived from TA1538 by the addition of the plasmid pKMI01, which makes

it more sensitive to some mutagenic agents.

All the indicator strains are routinely checked for their

genotypic characteristics (his, rfa, uvrB, bio) and for the presence

of the plasmid. Cultures are then stored in 10% sterile glycerol at

-80*c. For each experiment, an inoculum from the stock cultures is

grown overnight at 370 C in nutrient broth (Oxoid, CM67). After

stationary overnight growth, the cultures are shaken for 3 to 4 hours

to ensure optimal growth.

Aroclor 1254-Stimulated Metabolic Activation System

Some carcinogenic chemicals, either of the aromatic amino type

or polycyclic hydrocarbon type, are inactive unless they are metabolized

to active forms. In animals and man, an enzyme system in the liver or

other organs (e.g., lung or kidney) is capable of metabolizing a large

number of these chemicals to carcinogens." 10
-
12 Some of these intermediate

metabolites are very potent mutagens in the S. typhimurium test. Ames

has described the liver metabolic activation system that we use.10 In

brief, adult male rats (250 to 300 g) are given a single 500-mg/kg

intraperitoneal injection of a polychlorinated biphenyl, Aroclor 1254.

This treatment enhances the synthesis of enzymes involved in the metabolic

conversion of chemicals. Four days after the injection, the animals'

food is removed but drinking water is provided ad libitum. On the fifth

day, the rats are killed and the liver homogenate is prepared as follows.

17
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The livers are removed aseptically and placed in a preweighed

sterile glass beaker. The organ weight is determined, and all sub-

sequent operations are conducted in an ice bath. The livers are

Swashed in an equal volume of cold, sterile 0.15 M KCl (1 ml/g of

wet organ), minced with sterile surgical scissors in three volumes

of 0.15 M KC1, and homogenized with a Potter-Elvehjem apparatus.

The homogenate is centrifuged for 10 minutes at 9000 x &, and the

supernatant, referred to as the S-9 fraction, is quickly frozen in

dry ice and stored at -80* C.

The metabolic activation mixture for each experiment consists of,

for 10 ml:

* 1.00 ml of S-9 fraction

0 0.20 ml of MgCl 2 (0.4 M) and KCI (1.65 M)

e 0.05 ml of glucose-6-phosphate (1 M)

* 0.40 ml of NADP (0.1 M)

• 5.00 ml of sodium phosphate (0.2 M, pH 7.4)

* 3.35 ml of H 20.

Assays in Agar

To a sterile 13 x 100 mm test tube placed in a 430 C heating block,

we add in the following order:

(1) 2.00 ml of 0.6% agar*

(2) 0.05 ml of indicator organisms

(3) 0.50 ml of metabolic activation mixture (optional)

(4) Up to 0.25 ml of a solution of the test chemical.

For negative controls, we use steps (1), (2), and (3) (optional). For

positive controls, we test each culture by specific mutagens known to

revert each strain, using steps (1), (2), (3) (optional), and (4).

* 0.6% agar contains 0.05 mM histidine and 0.05 mM biotin.

. 18



This mixture is stirred gently and then poured onto minimal agar

plates. After the top agar has set, the plates are incubated at

370 C for 2 days. The number of his+ revertant colonies is counted

and recorded.

Saccharomyces cerevisiae D3

The yeast S. cerevisiae D3 is a diploid microorganism heterozygous

for a mutation leading to a defective enzyme in the adenine-metabolizing

pathway.1' When grown on a medium containing adenine, cells homozygous

for this mutation produce a red pigment. These homozygous mutants

can be generated from the heterozygotes by mitotic recombination. The

frequency of this recombinational event may be increased by incubating

the organisms with various mutagens. The degree of mutagenicity of a

compound or of its metabolite is determined from the number of red-

pigmented colonies appearing on the plates.14

The S. cerevisiae tester strain is stored at -80' C. For each

experiment, the tester strain in inoculated in 1% tryptone and 0.5%

yeast extract and grown overnight at 370 C with aeration.

The in vitro yeast mitotic recombination assay in suspension is

conducted as follows. The overnight culture is centrifuged, and the

cells are resuspended at a concentration of 108 cells/ml in a .067 mM

phosphate buffer (pH 7.4). To a sterile test tube are added:

0 1.0 ml of the organisms

0 0.5 ml of either the metabolic activation mixture or buffer

* 1.0 ml of the test chemical.

Several doses of the chemical (up to 5%, w/v or v/v, or maximum water

solubility) are tested in each experiment, and appropriate controls

are included.

Minimal agar plates consist of, per liter, 15 g of agar,
50 g of glucose, 0.2 g of MgSO.7H20, 2 g of citric acid
monohydrate, 10 g of K 2HP0., and 3.5 g of NaHNH4 PO94H20.

19
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I The suspension mixture is incubated at 30' C for 4 hours on a

roller drum. The sample is diluted serially in sterile physiological
saline, and a volume of 0.2 ml of the 10- 5 and 10- 3 dilutions is

spread on tryptone-yeast agar plates; five plates are used for the

I0- ' dilution and three plates are used for the 10
-l dilution. The

plates are incubated for 2 days at 30* C, followed by 2 days at 40 C

to enhance the development of the red pigment indicative of adenine-

deficient homozygosity. Plates of the 10
- 3 dilution are scanned with

a dissecting microscope at 10 X magnification, and the number of red

colonies or red sectors (mitotic recombinants) is recorded. The

surviving fraction of organisms is determined from the number of

colonies appearing on the plates of the 10- dilution.

The number of mitotic recombinants is calculated per l0 survivors.

A positive response in this assay is indicated by a dose-related increase

of more than threefold in the absolute number of mitotic recombinants per

milliliter as well as in the relative number of mitotic recombinants per

103 survivors.

20
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RESULTS AND DISCUSSION

Chlorination

The results for the chemicals subjected to chlorine water-treatment

facility conditions (10 ppm chlorine, pH 7, 0.5 hr contact time) are

given in Table 1. The only compounds that were found to undergo signifi-

cant reaction were 2,4,6-trinitroresorcinol, DPO, DPS, syringaldazine,

and 2.4,6-trinitrobenzaldehyde.

The recalcitrant nature of the majority of the compounds studied

under these chlorination conditions is not surprising in light of

the known pathways of chlorine transformation of organics, including

substitution, addition, and oxidation reactions. 5  Photochemical

processes were eliminated by performing the reactions in flasks

covered with aluminum foil.

Of the above pathways, oxidative transformation appeared to be

the most probable mode of decomposition for the munition compounds,

and attempts were made to increase rates of transformation by varying

chlorine concentrations, pH, temperature, and contact time. It was

hoped that stressed conditions would produce significant concentration

levels of degradation products for mutagenic screening.

Using TNT as a prototype compound to study reaction conditions,

a 100-ppm solution of TNT at pH 7 was allowed to stir with

1000 ppm of hypochlorous acid. Samples were analyzed for TNT

at intervals of 1, 2, and 24 hours, and essentially all the

starting material was recovered. In a similar study performed

at pH of 2, 4, 7, and 8 (variable hypochlorous acid concentrations),

no TNT decomposition was noted over a 24-hour period. Finally,

temperatures were varied, and TNT decomposition occurred at 750 C

and above.
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Table 1

REACTIVITY OF TEST MATERIALS SUBJECTED TO 10 ppm
CHLORINE FOR 30 MINUTES AT pH1 7 (Buffered with

phosphate)

Initial
Concentration Percentage

Compound (ppm) Reacted

3,5-Dinitrotoluene 127 0
2,4,6-Trinitroresorcinol 518 4.8

2,4,6-Trinitrotoluene 139 0

2,4-Dinitrotoluene 212 0

Condensate water 67* 0

N,N-Diethy1-p~-phenylenediamine oxalate 226 20

N ,N-Dimethy1-p~~phenylenediamine sulfate 139 27

Syringaldazine 122 34

7-50 LAP 17t 0
RDX 47 0
HMX 1 0

2,6-Ditiitrotoluene 179 0

Pentaerythritol tetranitrate 1 0
l,3,5-Trinitrobenzene 117 0
2 ,4,6-Trinitrobenzaldehyde 59 25
Trinitroglycerine 800 0

1.3-Dintrotoluene 126 0

l,3-Dinitrobenzene 126 0

*Based on 2,4-dinitrotoluene concentration.
±Based on 2,4,6-trinitrotoluene concentration.

+ -No parameter used to measure reactivity.
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A second series of experiments was designed to detect muta-

genicity under stressed chlorination conditions. The pH of a

1000-ppm solution of chlorine was adjusted to 4 with hydrochloric

acid (no buffer), and the solution was allowed to react with the

munition compound for 2 hours at 70 to 800 after standing at room

temperature for 48 hours. Under these conditions, slight reactions

of the munition compounds were observed. These data are summarized

in Table 2. No reaction products were observed in either high-

pressure liquid chromatographic (hplc) or gas chromatographic (gc)

profiles of these solutions.

Ozonation

The results for chemicals subjected to ozone treatment are

presented in Table 3. The nitroaromatics react readily with ozone

in aqueous solution. The "Percentage Reacted" in Table 3 should not

be construed as an order of reactivity since in each case ozone is

the limiting reagent and it is possible that intermediate products

(such as nitrobenzaldehydes from the nitrotoluenes) consume ozone

at a faster rate than does the parent compound. To better understand

reactivity, the extent of reaction was calculated by first computing

the maximum percentage of reaction (defined as the moles of ozone

divided by the moles of substrate) and dividing this value into the

observed "Percentage Reacted" as shown below:

Moles ozone/moles substrate = maximum % of reaction
% reacted = extent of reaction.

max % of reaction

The extent of reaction values can be used to predict reactivity

between structurally related compounds (such as related nitrotoluenes

and related nitrobenzenes) and indicate autocatalytic effects or the

participation of oxygen in the oxidation reactions (2,4,6-trinitroresorcinol).

Several compounds yielded products that were identified by gas

chromatography/mass spectroscopy (gc/ms). From TNT, trinitrobenzene

was obtained; this suggests alkyl oxidation rather than electrophilic

substitution on the deactivated aromatic ring (Eq. 1). Alkyl oxidation
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Table 3

REACTIVITY OF MUNITION MATERIALS WHEN SUBJECTED TO
4 mg/1 OZONE FOR 30 MINUTES AT BUFFERED pH 7

Initial Max. Extent of
Concentration Percentage Reaction Reaction

Compound (ppm) Reacted M% M%

Trinitrobenzene 362 2.4 4.0 60
2,4,6-Trinitrotoluene 30 15.5 59 26
2,6-Dinitrotoluene 139 20 27 74

1,3-Dinitrobenzene 52 25 26 96

2,4,6-Trinitroresorcinol 308 12 5.4 225
2,4.6-Trinitrobenzaldehyde 71 11 28 39
7-50 LAP 32* 3 59 5

Pentaerythritol tetranitrate 1 0 0 0
2,4,6-Trinitrobenzonitrile NDt NTt NT NT

7-100 LAP 0* NT NT NT

NA§ NA NA

*Based on 2,4,6-TNT concentration.
t ND, not determined; chemical hydrolyses in water.
* NT, not tested.
§ NA, not applicable because of complete photolysis of 2,4,6-TNT in 7-100 LAP.
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CH3  H, :/O HO\ ON 2

02 N N0 2  02 N N 2  O N0 2

Q +03 0 .2 Q 2 (Eq. 1)

NO2  L- NO2  NO2  -

also occurred with 2,6-dinitrotoluene, and 2,6-dinitrobenzaldehyde

was identified as a reaction product (Eq. 2).

CH3  H1--
02N 02 2N NO2Q + 03 - . Q(Eq. 2)

In general, very few products resulting from ozonation of the

munitions compounds possessed sufficient volatility for gc/ms analysis

or sufficient absorbance at 254 nm for detection in hplc profiles.

These phenomena would be expected when the aromatic ring is ruptured.

Microbiological Mutagenicity

All 20 compounds were subjected to chlorine water treatment

facility conditions (10 ppm chlorine, pH 7, 0.5 hr contract time).

Also, 15 of the compounds were chlorinated with 1000 ppm chlorine,

pH 4, 48 hr contact time at 850 C. Mutagenic assays of the compounds

showed no significant differences between the two chlorination processes.

The concentrations for each chemical are listed in Tables 1 and 2.

Table 4 summarizes the results of mutagenic screening tests on

the 20 compounds. It should be noted that, in general, the concentrations

tested were low. This was necessitated by the requirement that the

compound be dissolved in water. Usually,. dimethylsulfoxide (DMSO)

would be used to achieve higher concentrations for testing. Thus,

the absence of mutagenic activity in these assays should not be

construed as proof that a compound is not mutagenic. Rather, it can

only be stated that at the highest concentr~tions tested, the coprnound

was not mutagenic. (l,3-Dinitrobenzene, 2,4-dinitrotoluene,
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2,6-dinitrotoluene, 3,5-dinitrotoluene, and 2,4,6-trinitrotoluene have

been found to be mutagenic when tested at doses higher than those

reported in this study.' 6

Moreover, certain classes of carcinogens are not detected as

mutagens by the Salmonella/microsome procedure (e.g., inorganics,

hormones, polychlorinated hydrocarbons such as chloroform, carbon

tetrachloride, dieldrin, and DDT).

1,3,5-Trinitrobenzene was mutagenic on S. typhimurium strains

TA98 and TA100 before and after ozonation and chlorination, with and

without metabolic activation. The mutagenic activity was not signifi-

cantly altered by disinfection treatment. In most cases, there was

much less mutagenic activity with the metabolic activation system.

Trinitrobenzene was not mutagenic on S. cerevisiae. (Tables A-I

through A-5 and B-i through B-4).

l,3-Dinitrobenzene was not mutagenic in these assays before or after

chlorination or ozonation (Tables A-6 through A-Il and B-5 through B-8).

Trinitroglycerine was not mutagenic before or after chlorination

in these assays (Tables A-12 through A-14 and B-9 and B-10).

Pentaerythritol tetranitrate (PETN) was not mutagenic on

S. typhimurium or S. cerevisiae before or after chlorination or

ozonation (Tables A-15 to A-18 and B-I through B-14).

Condensate water was not mutagenic on S. typhimurium or S. cerevisiae

before or after chlorinatioi (Tables A-19 and A-20 and B-15 and B-16).

Syringaldazine was not mutagenic on S. typhimurium and S. cerevisiae

before or after chlorination or ozonation (Tables A-21 and A-22 and B-17

and B-18).

HMX and RDX were not mutagenic before or after chlorination in

these assays (Tables A-23 through A-28 and B-19 through B-22).
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DPO and DP3 were mutagenic before and after chlorination. However,

chlorination markedly decreased the mutagenicity of DPS. With both

compounds, metabolic activation was required for mutagenicity, although,

in some instances, DPS appeared to be weakly mutagenic without metabolic

activation.

Both DPO and DPS form purple solutions when they are added to water,

and the color darkens with time. Although the data are not presented,

we observed that solution of freshly prepared DPS was less mutagenic

if the distilled water in which it was prepared was bubbled with

nitrogen (presumably this would remove oxygen). After 1 day of

standing at room temperature, the mutagenic activity of both nitrogen-

treated and untreated DPS had increased approximately 10-fold.

Of the two compounds, DPS was the more mutagenic (approximately

3-fold). Mutagenic activity was observed primarily in strains TA1538

and TA98. DPO was weakly mutagenic in TA100 and DPS was weakly

mutagenic in TA1537 and TA100.

Our results suggest that both compounds are frameshift mutagens.

Preliminary results suggest that the mutagenic activity may be

attributable to some oxidation product(s) of these compounds. It

seems likely that the difference in mutagenic activity between the

two compounds is due to the methyl and ethyl groups rather than to

the salts (oxolate and sulfate). Tables A-29 through A-34 and B-23 through

B-28 present the results from assays on DPO and DPS.

7-50 LAP was mutagenic on S. typhimurium strains TA1537, TA1538,

TA98, and TA100 before and after chlorination and ozonation. Somewhat

more mutagenic activity was observed after chlorination than before

treatment. This compound was more mutagenic without metabolic activa-

iion than with metabolic activation. No mutagenicity was observed with

S. cerevisiae (Tables A-35 through A-40 and B-29 through B-33).

7-100 LAP, like 7-50 LAP, was mutagenic on S. typhimurium strains

TA1537, TA1538, TA98, and TAl00 before and after chlorination and

ozonation, particularly without metabolic activation. Unlike 7-50 LAP,
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there was a slight reduction in mutagenic activity after chlorination.

No mutagenicity was observed with S. cerevisiae (Tables A-41 through A-45

and B-34 through B-37).

9-100 LAP was mutagenic on S. typhimurium strains TA1538, TA98,

and TAl00 before and after chlorination. There was somewhat more

activity without metabolic activation. 9-100 LAP was not mutagenic

in assays with S. cerevisiae (Tables A-46 and A-47 and B-38).

2,6-Dinitrotoluene was tested twice on S. typhimurium before and

after chlorination. In one test at 2.4 ppm, it showed slight mutageni-

city after chlorination; in a second test at 58.7 ppm, it showed a

mutagenic dose response after chlorination. It was not mutagenic on

S. typhimurium either before or after ozonation, nor was it mutagenic

on S. cerevisiae either before or after chlorination or ozonation

(Tables A-48 through A-52 and B-39 through B-42).

2,4-Dinitrotoluene was not mutagenic either before or after

chlorination, nor was it mutagenic in any of the S. cerevisiae assays

(Tables A-53 through A-55 and B-43 and B-44).

3,5-Dinitrotoluene was not mutagenic either before or after

chlorination on S. typhimurium or on S. cerevisiae (Tables A-56 .9nd

A-57 And B-45 and B-46).

2,4,6-Trinitrotoluene was not mutagenic either before or after

chlorination or ozonation in any of the assays performed. In two

experiments (#18 and 28), it appeared to be weakly mutagenic (< 2-fold

increase in revertants) on TAlOO without metabolic activation

(Tables A-58 through A-62 and B-57 through B-50).

2,4,6-Trinitroresorcinol was not mutagenic on S. typhimurium

either before or after ozonation or chlorination, nor was it mutagenic

in any of the S. cerevisiae assays (Tables A-63 through A-67 and B-51

through B-54).

2,4,6-Trinitrobenzonitrile was mutagenic on S. typhimurium strains

TA98 and TA100 before and after ozonation and chlorination. In general,

it was slightly less mutagenic after chlorination than before, and it

30



I

I was more than twice as mutagenic after ozonation than before.

Metabolic activation was not required for mutagenicity. Trinitro-

benzonitrile was not mutagenic on S. cerevisiae before or after

ozonation or chlorination (Tables A-68 through A-73 and B-55 through

B-58).

2,4,6-Trinitrobenzaldehyde was mutagenic on S. typhimurium

strains TA1537, TA1538, TA98, and TA100 both before and after

chlorination and ozonation. Neither treatment appeared to signifi-

cantly alter the mutagenic response, although significant (5 to 30%)

chemical reaction appears to have occurred. Metabolic activation

decreased mutagenicity. This compound was not mutagenic in any of

the assays with S. cerevisiae. Tables A-74 through A-80 and B-59

through B-62 present the results.

Amino-dinitrotoluenes. Additionally, we investigated three

amino-dinitrotoluenes as potentially reactive components in

cor.densate water. The compounds (5-amino-2,4-dinitrotoluene;

4-amino-3,5-dinitrotoluene; and 4-amino-2,6-dinitrotoluene) were

allowed to react with chlorine under the conditions previously

described. As shown in Table 5, the two 4-amino compounds showed

significant reactivity (75%) with chlorine, but the reactivity was

only 12% for the 5-amino compound. No new products were evident

in gc profiles of the reacted solutions. Also, there was no

indication of mutagenic activity associated with the reacted solutions.
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CONCLUSIONS

Eight of the compounds assayed were mutagenic at aqueous solu-

bility before disinfection treatment. The mutagenic compounds were

1,3,5-trinitrobenzene, 2,4,6-trinitrobenzonitrile, 2,4,6-trinitro-

benzaldehyde (munition wastewater chemicals), 7-50 LAP, 7-100 LAP,

and 9-100 LAP (photolyzed wastewaters), N,N-diethyl-pRphenylenediamine

oxalate, and N,N-dimethyl-p-phenylenediamine sulfate (chlorine test

kit reagents).

In other studies we have conducted under contract to the U.S.

Army Bioengineering Research and Development Laboratory, we have

found that 1,3-dinitrobenzene, 2,4-dinitrotoluene, 2,6-dinitrotoluene,

3,5-dinitrotoluene, and 2,4,6-trinitrotoluene are mutagenic in the

Salmonella/microsome assay when tested at higher doses. We are not

aware of mutagenicity assays at higher doses on other munition

wastewater chemicals (e.g., trinitroglycerine, pentaerythritol

tetranitrate, HMX, RDX, etc.).

The results of these experiments suggest that although the

nitroaromatics react readily with ozone, any mutagenic activity

that they showed was not greatly atlered by ozonation. Only a

few of the compounds reacted with chlorine. Based on these

experiments, it would appear that disinfection treatment does not

greatly alter mutagenic activity. For compounds that were mutagenic

before treatment, both slight increases and slight decreases in

mutagenic activity were observed after treatment. We did not

observe any cases in which nonmutagenic compounds were converted

into mutagens by either of the disinfection treatments.

None of the chemicals tested was mutagenic in assays with

S. cerevisiae D3 under the assay conditions used in these exneri-

ments. It is possible that these compounds gave a negative response
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I
because they are not strongly mutagenic in this procedure, particularly

in view of the relatively low concentrations of test compounds. Alterna-

4tively, these compounds may not be mutagens in S. cerevisiae D3 mitotic

recombination assay. We conclude that this indicator microorganism is

not useful in evaluating the mutagenicity of these compounds.
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I
APPENDIX C

Abstract of Poster Presentation at
Sixteenth Annual Meeting, Society of
Toxicology, Toronto, Canada, March

27-30, 1977

MUNITIONS WASTEWATER TREATMENTS: DOES CHLORINATION OR OZONATION
OF INDIVIDUAL COMPONENTS PRODUCE MICROBIAL MUTAGENS? V. F. Simmon,
S. L. Eckford, A. F. Griffin, R. Spanggord, and G. W. Newell, SRI
International, Menlo Park, California*

*Abstract No. 157 in: Toxicology and Applied Pharmacology, 41,

197 (1977).

Abstract

A number of compounds present in wastewater from munitions plants

were examined before and after ozonation or chlorination to determine

whether any were mutagenic before treatment and whether such activity

was affected by the treatment. Several photolytic as well as metabolic

products of trinitrotoluene (TNT) also were examined for mutagenic

activity. Test materials included TNT, TNT production wastewater and

individual components of TNT wastewater (1,3-dinitrobenzene; 2,4-

dinitrotoluene; 3,5-dinitrotoluene; 1,3,5-trinitrohexahydro-l,3,5-trizine

(RDX); 1,3,5,7-tetranitrooctahydro-l,3,5,7-tetrazocine (HMX); components of

photolysed TNT,; pentaerythritol tetranitrate (PETN); and trinitro-

resorcinol. The in vitro mutagenic assays used were the Ames Salmonella/

microsome assay (strains TA1535, TA1537, TA1538, TA98, and TAIOO) and

mitotic recombination in the yeast, Saccharomyces cerevisiae D3. A

metabolic activation system using the post-mitochondrial supernatant

fraction of liver from rats pretreated with Aroclor 1254 was included

in each assay procedure. Materials found to be mutagenic prior to

and after treatment were trinitrobenzene, trinitrobenzaldehyde,

trinitrobenzonitrile, and 50% and 100% photolysed TNT wastewater.

Neither ozonation nor chlorination significanlty altered the mutagenic

activity of the materials tested. (Supported by the U.S. Army Medical

Research and Development Command, under Contract No. DAMD 17-76-C-6013.)
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